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METHOD OF TEMPERATURE- 
CALIBRATING HEAT TREATING 
APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the benefit of 
priority from the prior Japanese Patent Application No. 
11-248912, filed Sep. 2, 1999, the entire contents of which 
are incorporated herein by reference. 10 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of temperature- 
calibrating a second heat treating apparatus based on a heat 
treatment result obtained by a first heat treating apparatus for 
reference in a semiconductor process. The term "semicon- 
ductor process" used herein includes various kinds of pro- 
cesses which are performed to manufacture a semiconductor 
device or a structure having wiring layers, electrodes, and 
the like to be connected to a semiconductor device, on a 2Q 
target substrate, such as a semiconductor wafer or an LCD 
(Liquid Crystal Display) substrate, by forming semiconduc- 
tor layers, insulating layers, and conductive layers in pre- 
determined patterns on the target substrate. 

In the semiconductor process, a vertical heat treating 25 
apparatus is known as a batch type process apparatus that 
permits applying heat treatments such as a film forming 
process, an oxidizing process and a diffusion process to a 
number of semiconductor wafers at a time. The vertical heat 
treatment apparatus is used such that a number of wafers are 30 
arrayed and held with a gap therebetween in a vertical 
direction in a holder called a wafer boat, and then the holder 
is loaded into a vertical heat treating chamber and a heat 
treatment such as an oxidizing process is performed. 

For subjecting a wafer to a heat treatment, it is necessary 35 
to control accurately the wafer temperature. For example, 
where an oxide film is formed on a wafer by an oxidizing 
process, the temperature of the wafer influences the thick- 
ness of the formed oxide film. Therefore, it is necessary to 
calibrate the temperature controller of the heater with a high 40 
accuracy. 

Conventionally, a wafer equipped with a thermocouple is 
placed in a process chamber of a heat treating apparatus, in 
which the temperature is to be calibrated, so as to measure 
the wafer temperature and to perform the calibration on the 45 
basis of the measured value and the value indicated by a 
temperature controller. In a vertical heat treating apparatus 
disclosed in, for example, Jpn. Pat. Appln. KOKAI Publi- 
cation No. 3-145121, the temperature control of the heat 
treating apparatus is performed on the basis of the relation- 50 
ship among the temperature of a wafer equipped with a 
thermocouple, the temperature within a process chamber, 
and the temperature of a heater. However, if the wafer 
equipped with the thermocouple is put in the heat treating 
chamber, the metals forming the thermocouple are scattered 55 
within the heat treating chamber so as to be attached to the 
heat treating chamber. The attached metals tend to be 
attached to a wafer to be processed (target wafer) so as to 
bring about contamination with the metals. 

On the other hand, it is being studied to use in place of the 60 
thermocouple a radiation type thermometer, in which a 
radiant light radiated from a wafer is caught and is converted 
into an electric signal by a photoelectric element so as to 
measure the temperature of the wafer. In this case, the 
radiant light coming from portions other than the wafer is 65 
also incident on the light receiving section, thereby making 
it difficult to correct the thermal emissivity. 
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BRIEF SUMMARY OF THE INVENTION 

An object or the present invention is to provide a method 
that makes it possible to temperature -calibrate a heat treating 
apparatus with a high accuracy with little possibility of 
contamination of a target object. 

According to the present invention, there is provided a 
method of temperature-calibrating a second heat treating 
apparatus based on a heat treatment result obtained by a first 
heat treating apparatus for reference, the first heat treating 
apparatus comprising a first process chamber, a first heating 
unit for heating an inside of the first process chamber, and 
a first controller for setting a temperature of the first heating 
unit, the second heat treating apparatus comprising a second 
process chamber, a second heating unit for heating an inside 
of the second process chamber, and a second controller for 
setting a temperature of the second heating unit, the first and 
second process chambers being substantially equal to each 
other in construction and the first and second heating units 
being substantially equal to each other in construction, the 
method comprising: 

a temperature measuring step of heating a measurement 
substrate for measuring temperature at a selected posi- 
tion within the first process chamber by the first heating 
unit, and obtaining a first set value of temperature of the 
first controller for converging a measured temperature 
of the measurement substrate to a target value of 
temperature; 

a heat treating step on a primary side of forming a first thin 
film on a first substrate by heating the first substrate at 
the selected position within the first process chamber 
by the first heating unit while setting the first controller 
at the first set value of temperature, the first thin film 
being formed under a selected process pressure and 
selected process gas conditions that are selected such 
that a growth rate of the first thin film is changed as a 
function of temperature; 
a heat treating step on a secondary side of forming a 
second thin film equal in material to the first thin film 
on a second substrate substantially equal in size and 
material to the first substrate under the selected process 
pressure and selected process gas conditions by heating 
the second substrate at a position, corresponding to the 
selected position, within the second process chamber 
by the second heating unit; and 
a calibrating step of obtaining a second set value of 
temperature of the second controller at the time when 
a thickness of the first thin film and a thickness of the 
second thin film are made equal to each other, and 
temperature-calibrating the second heat treating appa- 
ratus based on an assumption that the target value of 
temperature is obtained at the position, corresponding 
to the selected position, within the second process 
chamber at a time when a set temperature of the second 
controller is the second set value of temperature. 
Additional objects and advantages of the invention will be 
set forth in the description which follows, and in part will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realized and obtained by means of the instrumen- 
talities and combinations particularly pointed out hereinaf- 
ter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying drawings, which are incorporated in 
and constitute a part of the specification, illustrate presently 
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preferred embodiments of the invention, and together with 
the general description given above and the detailed descrip- 
tion of the preferred embodiments given below, serve to 
explain the principles of the invention. 

FIG. 1 is a perspective view showing a vertical heat 
treating apparatus according to an embodiment of the 
present invention; 

FIG. 2 is a cross sectional view showing the vertical heat 
treating apparatus shown in FIG. 1; 

FIG. 3 is an explanatory view schematically showing the 
relationship between actually measured temperatures of 
wafers and set values of temperature of temperature con- 
trollers; 
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respectively, with the result that the heat generation amounts 
of these heaters are controlled independently of each other. 
To be more specific, the temperature controllers 51, 52 and 
53 are arranged to control the temperatures of an upper 
group, a middle group and a lower group, respectively, of a 
number of semiconductor wafers W held by a wafer boat 2, 
i.e., a holder. 

The wafer boat 2 holding target semiconductor wafers W 
to be processed are moved in a vertical direction so as to 
load/unload the wafers W into/out of the process chamber 
41. The wafer boat 2 comprises, for example, a ceiling plate 
21, a bottom plate 22 and a plurality of struts 23 joining the 
ceiling plate 21 and the bottom plate 22. A large number of 
grooves are formed in the strut 23 and apart from each other 
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FIG. 4 is an explanatory view schematically showing the 15 in a vertical direction so as to define horizontal support 

levels of the wafers W. The peripheries of the wafers are 
inserted into these grooves, with the result that a number of 
wafers are arrayed and held with a gap therebetween in a 
vertical direction. 

The wafer boat 2 is disposed on an insulating cylinder 62 
arranged on a lid body 61 for opening and closing an 
opening 6 at the lower end of the process chamber 41. The 
lid body 61 is mounted to a boat elevator 3, and moved in 
a vertical direction by the boat elevator 3, so that the wafer 
boat 2 is loaded/unloaded into/out of the process chamber 
41. 

The temperature calibration method in the embodiment of 
the present invention will now be described. In the following 
description, the first vertical heat treating apparatus for 
reference and the second vertical heat treating apparatus to 
be temperature-calibrated are referred to as reference appa- 
ratus 1A and installed apparatus IB, respectively. These 
apparatuses 1A and IB are equal to each other in construc- 
tion as described previously and are constructed as shown in 
FIGS. 1 and 2. 

[Temperature Measuring Step] 

The reference apparatus 1A owned by, for example, a 
manufacturer of heat treating apparatuses is used as the first 
vertical heat treating apparatus for reference. As shown in 
FIG. 3, a wafer boat 2 supporting a temperature measure- 
ment wafer MW is loaded into the process chamber 41 of the 
reference apparatus 1A. It is possible to mount the ordinary 
wafers W, i.e., wafers equal in size and material to the 
semiconductor wafer that is to be subjected to a heat 



state that a thermal oxidizing process is applied to wafers W 
by setting the set values of temperature of the temperature 
controllers at certain values, and then the thickness of the 
oxide films formed on the wafers is measured; 

FIG. 5 is a temperature characteristic view showing an 20 
example of a recipe in respect of the wafer temperature; and 

FIG. 6 is an explanatory view schematically showing the 
state that the thickness of an oxide films formed on wafers 
is measured, and then the set values of temperature of the 
temperature controllers are adjusted on the basis of the 
measured result. 

DETAILED DESCRIPTION OF THE 
INVENTION 



In the temperature calibrating method according to an 
embodiment of the present invention, a first vertical heat 
treatment apparatus for reference and a second vertical heat 
treatment apparatus that is to be temperature -calibrated are 
referred to. These first and second heat treating apparatuses 
are apparatuses of the same design. In other words, the 
corresponding portions of these two vertical heat treating 
apparatuses have the same construction. FIGS. 1 and 2 are 
a perspective view and a cross sectional view, respectively, 
of the vertical heat treating apparatus of the particular 
design. 

As shown in FIGS. 1 and 2, the apparatus comprises a 
vertical heat treating furnace 1 including an airtight reaction 
tube, i.e., a process chamber 41, and a heating unit 42 
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surrounding the process chamber 41. The process chamber 45 treatment in the apparatuses lAand IB, to the wafer boat 2 

41 is of a double tube structure consisting of an outer tube together with the temperature measurement wafer MW. The 

41a and an inner tube 416 each made of, for example, quartz. ordinary wafers are supported at a desired support level or 

A plurality of boles 40 are formed at the top portion of the supported to fill completely all the support levels, if neces- 

inner tube 41b to permit the outer tube 41a to communicate sary. The temperature measurement wafers MW are 

with the inner tube 41b via the holes 40. A gas supply pipe 50 arranged such that at least one temperature measurement 

43 is connected to a portion in the vicinity of the bottom wafer MW is placed in each of the zones of different height 

portion of the outer tube 41a. Also, an exhaust pipe 44 is levels within the process chamber 41, heated by the heaters 

connected to a portion in the vicinity of the bottom portion 47 to 49, respectively. 

of the inner tube 41b. The temperature measurement wafer MW includes a 

The process chamber 41 is covered with a temperature- 55 substrate U equal in size and material to an ordinary wafer 

equalizing vessel 45, and the outer surface of the W, i.e., a semiconductor wafer for products that is to be 

temperature -equalizing vessel 45 is surrounded by the heat- processed in the vertical heat treating apparatus 1 shown in 

ing unit 42 controlled by a temperature control unit 5. The FIGS. 1 and 2, and a temperature measuring element 12 such 

heating unit 42 consists of a plurality of heaters, e.g., an as a thermocouple arranged on the substrate 11. If a radiation 

upper heater 47, a middle heater 48 and a lower heater 48, 60 type thermometer is used, the ordinary wafer can be used as 



arranged to heat respective horizontal zones inside the 
process chamber 41, which differ from each other in height 
level. The heaters 47, 48 and 49 each consisting of, for 
example, a heating resistor are connected to temperature 
controllers 51, 52, and 53, respectively, of the temperature 
control unit 5. The power to be supplied to the heaters 47 to 
49 are controlled by the temperature controllers 51 to 53, 
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the temperature measurement wafer MW. The details of the 
temperature measuring method using a temperature mea- 
surement wafer equipped with a thermocouple are disclosed 
in U.S. Pat. No. 5,616,264, the teachings of which are 
hereby incorporated by reference. 

Then, a suitable target value of the heating temperature 
within the process chamber 41 is set, and the heating of the 
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temperature measurement wafer MW, etc. is started while 
causing the temperature control unit 5 to control the heat 
generation amount of the heating unit 42. In this step, the 
temperature measured via the temperature measurement 
wafers MW is indicated in a temperature display apparatus 
7. For this purpose, the signal line of the temperature 
measuring element 12 extends through the bottom portion of 
the wafer boat 2 to the outside of the process chamber 41 via 
the lid body 61 so as to be connected to the temperature 



the middle heating zone is shown in FIG. 4. However, the set 
value of temperature for 900° C. is set similarly for each of 
the upper and lower temperature controllers 51 and 53. 

FIG. 5 is an example of recipe relating to the temperature 
in the heating zones in the case of applying an oxidizing 
process to a target wafer W. For example, the wafer W is 
loaded at 300° C. into the heat treating furnace 1, and heated 
to the process temperature (900° C. in this example). After 
the temperature is stabilized, an oxygen gas, for example, is 



display apparatus 7, though this arrangement is not shown in 10 supplied into the heat treating furnace 1 so as to carry out the 

FIG. 3. Then, a set value of temperature of the temperature oxidizing process, followed by performing an annealing 

control unit 5 for converging the measured temperature to treatment. Then, the temperature is dropped. Note that the 

the target value of temperature is obtained by observing the temperature controllers 51 to 53 are set at the set values of 

measured temperature. temperature for 900° C, so that the process temperature of 

FIG. 3 schematically shows this situation. Specifically, 15 the wafer W is aligned with 900° C. In this step, the process 

the temperature measuring wafers MW are held within the pressure and process gas conditions are selected such that 

heating zones or heating parts of the heaters 47 to 49, and the the growth rate of the oxide film is changed as a function of 

measured temperatures supplied from the temperature mea- temperature. 

suring elements 12 are displayed in displays 71, 72, 73 of the Then, the thickness of the oxide film formed on each 

temperature display apparatus 7, respectively. The heat 20 wafer W after the oxidizing process is measured by a film 



thickness measuring apparatus 8, e.g., an ellipsometer, 
shown in a lower part of FIG. 4. The thickness of the oxide 
film thus measured is recorded as a reference film thickness 
at 900° C. obtained by the heat treating step on the primary 
25 side. Note that, this specific value of the film thickness is a 
value for the sake of convenience. 

In the next step, the process temperature is slightly 
changed to, for example, 905° C, and the same oxidizing 

..^ ~ - process is carried out by the same recipe, and then the 

C. In FIG. 3, when the set values of temperature of the 30 thickness of the oxide film is measured. The term "same 
temperature controllers 51 to 53 are 902° C, 898° C. and oxidizing process" implies that the recipe is the same in, e.g., 
901° C, respectively, these specific temperature values the temperature in the loading step of the wafer W and the 
being for the sake of convenience in explanation, the tern- temperature rising rate, except the process temperature, 
perature of the temperature measurement wafer MW in each Incidentally, if the set values of temperature of the tempera- 
heating zone becomes 900° C. In this manner, the set values 35 ture controllers 51 to 53 are obtained in advance in the above 



generation amounts of the heaters 47 to 49 are controlled by 
the temperature controllers 51 to 53, respectively. In other 
words, the temperatures of the temperature measurement 
wafers MW within the corresponding heating zones are 
controlled by the temperature controllers 51 to 53. 

For example, if the target value of temperature is 900° C, 
the set values of temperature of the temperature controllers 
51 to 53 are adjusted such that the respective temperatures 
displayed on the temperature displays 71 to 73 become 900" 
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of temperature for the temperature controllers 51 to 53, the 
time when the wafers MW are heated to the target value of 
temperature (900° C. in this example), are obtained for the 
heating zones and recorded as set values of temperature on 
the primary side. 

Further, if necessary, a plurality of target values of tem- 
perature other than 900° C. are set, so as to carry out the 
temperature measuring step for each of these plural target 
values of temperature. As a result, it is possible to obtain the 
set values of temperature of the temperature controllers 51 45 
to 53 with respect to the target values of temperature other 
than 900° C. [Heat Treating Step on Primary Side] 

In the next step, the wafer boat 2 supporting the ordinary 
wafers W for the heat treatment in the same manner as in the 



described temperature measuring step by using 905° C. as 
the target value of temperature other than 900° C, it is 
possible to obtain the process temperature of 905° C. accu- 
rately in the temperature measuring step. However, even if 
the set values of the temperatures for the temperature 
controllers 51 to 53 for 905° C. are not obtained in advance, 
it is possible to obtain the process temperature of 905° C. 
substantially accurately because the temperature difference 
from 900° C. is small. 

In this manner, an adjustment data representing the 
amount of change in the reference film thickness and the 
amount of change in the process temperature is obtained on 
the basis of the thickness of the oxide film at 900° C. and the 
thickness of the oxide film at 905° C. In this embodiment, a 



temperature measuring step is loaded into the process cham- 50 film-thickness/temperature coefficient (amount of change in 



ber 41 of the reference apparatus 1A. Then, an oxidizing 
process is carried out by setting the temperature controllers 
51 to 53 at the set values of temperature on the primary side 
for 900° C. so as to form an oxide thin film on each wafer 
W. As described above, the ordinary wafers W are mounted 
to the wafer boat 2 in the same manner as in the temperature 
measuring step. This implies that the ordinary wafers W, the 
number of which is equal to the sum of the temperature 
measurement wafers MW and the ordinary wafers W in the 



film thickness/amount of change in temperature) represent- 
ing the amount of change in the film thickness caused by the 
change in process temperature by 1° C. is used as the 
adjustment data. For example, if the film thicknesses are 
55 11.0 nm and 11.6 nm when the process temperatures are 
900° C. and 905° C, respectively, the film -thickness/ 
temperature coeflBcient is: (11.6-11.0)/(905-900)=0.12 
nm/° C. Note that, FIG. 4 shows the wafer W in the heating 
zone of the middle heater 48 and the temperature controller 



temperature measuring step, arranged on the same support- 60 52 for the sake of convenience in explanation. Needless to 



ing levels as in the temperature measuring step. Particularly, 
in the heat treating step on the primary side, it is necessary 
to arrange and heat-treat wafers W on the support levels on 
which the temperature measurement wafers MW were 
arranged in the temperature measuring step. 

The upper part of FIG. 4 schematically shows this situ- 
ation. Only the temperature controller 52 corresponding to 



say, however, the same procedures are taken with respect to 
the wafers W in the heating zones of the heaters 47 and 49. 
[Heat Treating Step on Secondary Side] 

The temperature measuring step and the heat treating step 
65 on the primary side described above are performed on the 
side of, for example, a manufacturer of the vertical heat 
treating apparatus. On the other hand, the user of the vertical 
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heat treating apparatus performs the temperature calibration 
as follows, upon receipt of information on, e.g., the refer- 
ence film thickness at a process temperature of 900° C, the 
processing recipe and the film-thickness/temperature coef- 
ficient from the manufacturer. 5 

Specifically, as shown in FIG. 6, an installed apparatus IB 
on the side of the user is used as the second vertical heat 
treatment apparatus to be temperature-calibrated. In the first 
step, the wafer boat 2 supporting the ordinary wafers W for 
the heat treatment in the same manner as in the heat treating 10 
step on the primary side is loaded in the process chamber 41 
of the installed apparatus IB. Then, an oxidizing process is 
performed by setting the temperature controllers 51 to 53 at 
temporary set values of temperature for 900° C. so as to form 
an oxide thin film on each wafer W. Note that, in the heat 15 
treating step on the secondary side, it is necessary to arrange 
and heat-treat wafers W on the support levels on which the 
wafers W were supported in the heat treating step on the 
primary side for measuring the thickness of the oxide film. 

In FIG. 6, only the temperature controller 52 correspond- 20 
ing to the middle heating zone is shown. However, the 
following operation is also performed for each of the upper 
and lower temperature controllers 51 and 53. 

In principle, the heat treating step on the secondary side 
is carried out under the same conditions as in the heat 25 
treating step on the primary side. To be more specific, in this 
oxidizing process, the temperature within each heating zone 
is raised, kept at the raised temperature, and dropped in 
accordance with the recipe shown in FIG. 5. Also, the 
process pressure and process gas conditions are set equal to 30 
those selected in the heat treating step on the primary side. 

Then, the thickness of the oxide film formed on each 
wafer W after the oxidizing process is measured by the film 
thickness measuring apparatus 8. For example, where the set 
value of temperature of the temperature controller 52 is set 35 
at 898° C, the process temperature of the wafer W becomes 
900° C, if the temperature controller 52 is exactly equal to 
that of the reference apparatus 1A on the side of the 
manufacturer. However, since the reference apparatus 1A 
and the installed apparatus IB individually differ from each 40 
other even where they have the same design, the process 
temperature fails to become 900° C and, thus, the thickness 
of the oxide film fails to become 11.0 nm. 

Under the circumstances, the difference is obtained 
between the film thickness measured in the heat treating step 45 
on the secondary side and the reference film thickness 
obtained in the heat treating step on the primary side. If the 
process temperature of the wafer W is 900° C, the difference 
is zero, and if not 900° C, the difference is not zero and 
assumes a certain value (difference in film thickness). On the 50 
other hand, since the film-thickness/temperature coefficient 
for this oxide film has already been obtained, it is possible 
to know the difference (° C.) of the process temperature from 
900° C. in the above described heat treating step on the 
secondary side, on the basis of the difference in the film 55 
thickness and the film-thickness/temperature coefficient. 

Then, the set value of temperature for the temperature 
controller 52 is adjusted to make up for the deviation of the 
temperature so as to set the corresponding heating zone at 
900° C. Likewise, the set values of temperature for the 60 
temperature controllers 51 and 53 are adjusted to make up 
the deviation of the temperature. Then, the wafer boat 2 
supporting new wafers W is loaded in the process chamber 
41 of the installed apparatus IB so as to carry out the heating 
treating step on the secondary side again. 65 

To be more specific, the required adjusting amount of the 
set value of temperature is obtained on the basis of the 
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formula as follows: temperature difference (amount of 
change in temperature)-[difference in film thickness 
(amount of change in film thickness)]/[film-thickness/ 
temperature coefficient]. For example, if the film thickness 
obtained in the heat treating step on the secondary side is 
larger than the reference film thickness obtained in the heat 
treating step on the primary side by 0.24 nm, i.e., the film 
thickness difference is 0.24 nm, the temperature difference 
is: 0.24 (nm)/0.12 (nm/° C)=2° C. In this case, since the heat 
treatment in the heat treating step on the secondary side is 
supposed to have been conducted at 902° C, the treatment 
is carried out in the next heat treating step on the secondary 
side with the set value of temperature for the temperature 
controller set lower by 2° C. 

As described above, the heat treating step on the second- 
ary side is repeatedly carried out until the film thickness 
obtained in the heat treating step on the secondary side 
becomes equal to the reference film thickness obtained in the 
heat treating step on the primary side. When the film 
thickness obtained in the heat treating step on the secondary 
side becomes equal to the reference film thickness, the set 
values of temperature at the time for the respective tem- 
perature controllers 51 to 53 are obtained and recorded as the 
set values of temperature on the secondary side. In other 
words, these set values of temperature on the secondary side 
correspond to 900° C, which is the target value of tempera- 
ture set in the reference apparatus 1A. 

It follows that the apparatus IB is temperature-calibrated 
on the assumption that the target value of temperature, 
which is 900° C, is obtained in each of the upper, middle 
and lower heating zones within the process chamber 41 
when the set value of temperature for each of the tempera- 
ture controllers 51 to 53 is rendered equal to the set value of 
temperature on the secondary side. As described above, the 
relationship between the actual temperatures of the heating 
zones and the set values of temperature of the temperature 
controllers 51 to 53 is recorded, and the wafer temperature 
can be controlled accurately by performing the heating 
treatment on the basis of the relationship thus recorded. 

According to the embodiment described above, the tem- 
perature of the temperature measurement wafer MW within 
the reference apparatus 1A is detected in advance by the 
temperature measuring element 12 such as a thermocouple, 
and then a thermal oxidizing process, which is a heat 
treatment, is applied to the wafer W, and the thickness of the 
oxide film is detected. Then, the same process is carried out 
within the installed apparatus IB to be temperature- 
calibrated, and then using the thickness of the oxide film as 
a medium, the temperature control unit 5 is temperature - 
calibrated. Therefore, it is unnecessary to put the tempera- 
ture measuring element 12 in the installed apparatus IB to 
be temperature-calibrated, thereby making it possible to 
avoid the contamination of the wafer W to be processed later 
within the installed apparatus IB, with a metal generated 
from the temperature measuring element 12 such as a 
thermocouple. 

In the embodiment described above, the values of the 
temperature controllers 51 to 53 with respect to 900° C, 
indicated on the temperature displays 71 to 73 in the 
temperature measuring step, are used as they are for carrying 
out the oxidizing process in the heat treating step on the 
primary side. However, it is possible to adjust the set values 
of the temperature controllers 51 to 53 by several degrees of 
centigrade, e.g., to set lower by 5° C, in the heat treating 
step on the primary side for carrying out the oxidizing 
process, thereby obtaining the reference film thickness at 
895° C. In this case, the installed apparatus IB is 



